Abstract. The individual risk of developing end-stage renal disease (ESRD) and its overall impact on life expectancy is not known. This study's objectives were to determine the effect of ESRD on life expectancy for a cohort of 20-yr-olds and to compare this impact to that of several cancers for which populationbased screening programs exist. A computer simulation, stratified by race (white, black) and by gender was used to calculate cumulative lifetime risk of ESRD, life-years lost to ESRD, and cumulative Medicare payments for ESRD. Similar calculations were made for breast, prostate, and colorectal cancer. The cumulative lifetime risk of ESRD for a 20-yr-old black woman is 7.8%.
In the United States, 86,825 patients began treatment for endstage renal disease (ESRD) in 1998, and there were 326,217 prevalent patients. With the current rate of growth, there will be 172,667 incident and 661,330 prevalent patients by the year 2010 (1) . The Medicare costs for care of ESRD will increase from $12 billion to $28.3 billion over this time period (1) . However, survival on ESRD is relatively short; therefore, incidence and prevalence data do not capture the full impact that the disease has on overall health in the population. Estimates of average years of life lost to ESRD and cumulative lifetime risks and treatment costs for a cohort of young individuals would better capture the societal, individual, and economic impact of this problem. Similarly, comparing these risks to those associated with common malignancies for which established screening programs exist would help relate the importance of ESRD to overall health.
Materials and Methods
The life expectancy of 20-yr-old men and women of black or white race was calculated using a Markov model in a commercial software package (Decision Analysis by TreeAge [DATA] 3.5, TreeAge, Williamstown, MA) ( Figure 1 ). Annual (1998) death rates were obtained from the Report of the United States Department of Vital Statistics (2). Few individuals survive beyond 100 yr; therefore, the analysis was truncated at this age. Cumulative risk of ESRD was then calculated by the Markov analysis output, (see Figure 1 , upper tree) created in TreeAge using the following methodology in Excel 4.0 (Microsoft, Redmond, WA). The proportion of the population at each time interval x, is at risk of developing ESRD. The proportion developing ESRD can be calculated by multiplying the proportion of the population surviving to interval x by the annual probability of developing ESRD, denoted here as pESRDx. The probability, pESRDx, was calculated from the age-, gender-, and race-specific ESRD incidence rate per million population (rESRDx), taken from the United States Renal Data System 2000 Annual Report (see Appendix for input values), by the formula used to convert rates to probabilities (3, 4) ,
The proportion of the population developing new-onset ESRD for each interval (x to x ϩ 1) was summed over the cohort lifetime (truncated at 100 yr) to estimate the cumulative lifetime risk of ESRD.
To calculate the years of life lost for a disease, a disease elimination strategy was performed (3) . This estimates the increase in life expectancy if ESRD is eliminated from the general population and takes into account death from competing diseases. (life table) from TreeAge was exported to an Excel spreadsheet. The total mortality, dx, during the interval x to x ϩ 1 is calculated as the reduction in population over the 1-yr interval. This includes patients with ESRD. To eliminate those who die due to the excess risks associated with ESRD, several steps are required.
First the excess mortality or disease-specific mortality due to ESRD is determined by subtracting the general population mortality rate from the observed mortality rate with ESRD (for all modalities, including dialysis and transplantation) (5).
Observed ESRD mortality rate Ϫ general population mortality rate ϭ disease-specific ESRD mortality rate. (2) Disease-specific ESRD mortality rate is converted to a probability by an equation similar to Equation 1. This disease-specific probability is then multiplied by the proportion of patients with ESRD from the life table to calculate excess ESRD death (dESRDx) for the interval x.
To calculate the new population mortality rate with ESRD eliminated, Qx, the formula used is,
Where qx is the mortality probability for interval x with ESRD included, dx is the total deaths in the interval x, and dESRDx is excess deaths from ESRD. The new life expectancy for the four (black/white, male/female) cohorts, starting at age 20, are then recalculated using the new probabilities (Qx) in the model. Loss of life-years was calculated by subtracting life expectancy calculated with published general mortality rates from the life expectancy calculated with the new ESRD eliminated rates (Figure 2) .
For comparative purposes, we performed a similar analysis for breast cancer in women and for prostate and colorectal cancer in men. Incidence rates for malignancy (breast, prostate, and colorectal) were taken from Surveillance, Epidemiology and End Results (SEER) Cancer Statistics Review, 1973 Review, -1998 . Five-year observed survival data (gender-, age-, and race-specific) from this registry (1992 to 1998) were converted to annual mortality probabilities by the declining exponential approximation Figure 1 . Data 3.5 (TreeAge) medical decision analysis software was used to estimate life expectancy for a 20-yr-old black male from general population mortality rates (upper tree). This upper tree was used to calculate (see text) the cumulative risk of disease (end-stage renal disease [ESRD] or cancer). The lower tree was used to create a life table that included an estimate of patients with ESRD (or cancer) at each time interval. This information was used to calculate the excess death from disease (ESRD or cancer) at each interval for adjustments in a disease elimination mortality rate calculation.
Figure 2. Data 3.5 (TreeAge) medical decision analysis software was used to estimate life expectancies derived from general population mortality rates (upper tree) and from disease-specific (ESRD or cancer) death eliminated mortality rates (lower tree). Here, an example for black males is shown.
of life expectancy method (5). As above, the model calculated the cumulative risk and reduced life expectancy of cancer.
Data from this model were also used to calculate the cumulative costs from a third party payer's perspective for ESRD using Medicare payments as reported by the USRDS Annual report (1) . Lifetime direct treatment costs for the three malignancies were taken from the literature (7). These costs were converted to 1998 US$ by the medical component of the consumer price index from the original 1992 US$ values (8) . This source of cancer treatment cost information has been used in recent published cost-effectiveness analyses (9,10), provides cost estimates that are similar to those reported elsewhere (11, 12) , and provides more complete follow-up costs than other sources (13, 14) . Most of these cost derivations are based on Medicare cost estimates and are therefore comparable with ESRD Medicare treatment costs in terms of the third party payer's perspective (12, 13, 14) .
In a sensitivity analysis, we explored the uncertainty of these values on our conclusions. The model incorporated incidence rates, mortality rates, and cancer costs that were Ϯ 2 standard errors. The standard errors for ESRD incidence and mortality rates were taken directly from USRDS registry (1). The SEER*Stat program was used to calculate standard errors for 1-yr cancer mortality rates and incidence rates from the 1992 through 1998 submission (6) . Cumulative risks, years of life lost, and costs require the summation of 80 intervals (age, 20 to 100); therefore, the reported upper and lower bounds are much broader than a 95% confidence interval (3). Future costs, and to the same degree future outcomes, should be discounted; however, the recommended base discount rate differs among experts (15) . Therefore, the results are presented as undiscounted (0%) and discounted at 3%, 5%, and 7%.
This model assumes that incidence and mortality rates for the general population and diseases will not change over the next 80 yr. There will be inevitable growth in the rates of ESRD and cancer along with an aging population. We did not model growth due to the speculative nature of these projections. We believe that even a conservative analysis such as this will be informative.
Results
Cumulative risk and lost years of life and for each cohort are shown in Tables 1 and 2 . Figure 3 graphically depicts the cumulative risk of ESRD. By age 56, the cumulative risk of ESRD in black men and women already exceeds the lifetime risk of ESRD in white men and women, respectively. The loss of life due to ESRD for whites is small compared with that for blacks. The lost life-years from ESRD in black women is 2.9 (1.09/0.32) times greater than that of white women. The lost life-years from ESRD in black men is 2.75 (1.10/0.40) times greater than that of white men.
In our model of breast cancer, loss of 1.25 yr and 0.98 yr of life in black and white women is respectively predicted ( Table 2 ). The impact of ESRD in black women is comparable with that of breast cancer (1.25 Ϯ 0.41 lost years of life from breast cancer versus 1.09 Ϯ 0.08 from ESRD). The large range in the estimate for lost life from breast cancer is due to the high standard errors for mortality in black women with breast cancer (Table 2) . In white women, the impact of breast cancer is 3.1 (0.98/0.32) times greater than that of ESRD. For both groups, the modeled cumulative risk for breast cancer is greater than the risk for ESRD. Tables 1 and 2 also show the comparable data for prostate and colorectal cancer in men. Though cumulative risk for prostate cancer is very high in both white and black men, its impact assessed as years of life lost to prostate cancer is less than that attributable to ESRD in both groups. In black men, a One-way sensitivity analysis. Mean Ϯ upper and lower bounds. The upper bound was calculated using disease incidence rates that were mean ϩ 2 SE, and the lower bound was calculated using rates that were mean Ϫ 2 SE. Current SEER (1998) cumulative risk projections for 20-yr-olds for the above cancers are as follows. Breast cancer: 10.38% for black women, 13.96% for white women; prostate cancer: 18.4% for black men, 15.75% for white men; colorectal cancer: 6.08% for white men, 4.88% for black men (6). Our cumulative risks tended to be higher in the black population and only slightly lower in the white population. Small differences in our results and current cumulative rates can be accounted for methodology, rounding, and updated general population mortality rates. ESRD, end-stage renal disease. a One-way sensitivity analysis. Mean Ϯ upper and lower bounds. The upper bound was calculated using disease mortality rates that were mean ϩ 2 SE, and the lower bound was calculated using rates that were mean Ϫ 2 SE. colorectal cancer is responsible for slightly more than half the loss of years of life expected from ESRD; in white men, lost years due to colorectal cancer exceed those lost to ESRD.
Cancer and ESRD may occur at different ages; therefore, we examined the impact of discount rates up to 7%, to weight early outcomes more heavily than distant outcomes. The relative importance of ESRD and breast cancer in white and black women was relatively stable over the range of discount rates (Table 3) . In black men, ESRD is responsible for 1.2 times more undiscounted lost years of life than that attributable to prostate cancer. This increases to a ratio of 2.75 with a discount rate of 7%. The effect of ESRD on loss of life in white men is 1.42 to 2.8 times greater than prostate cancer over the range of discount rates.
To estimate of costs of healthcare resource use for ESRD, we calculated the cumulative Medicare payments, discounted and undiscounted, for maintenance therapy per US citizen on the basis of the model's predictions of lifetime ESRD probability. In discounted models, the cumulative costs for whites are relatively modest when calculated for 20-yr olds, whereas the costs per black citizen are substantially higher (Table 4) . Differences between whites and blacks, and absolute costs, are all more pronounced at lower discount rates. Table 5 shows the relative cumulative treatment costs of ESRD relative to the cancers for each of the four cohorts adjusted for discount rates and over the mean Ϯ 2 standard errors for the cancer treatment costs. For black women and men, cumulative ESRD costs were several to many-fold higher than breast, colorectal, and prostate cancer. The cumulative costs of breast cancer treatment in white women were the only cancer to exceed the cumulative costs of ESRD therapy.
Discussion
The ESRD risk, assuming no future increase in ESRD incidence rates, is 1 in 40 for white men and nearly 1 in 50 for white women. For black men and women, the cumulative risk of ESRD is nearly 1 in 12. We are not aware of any previously published estimates of the cumulative risk of ESRD. We suspect that the above estimates of cumulative risk are much higher than appreciated by most nephrologists, and this risk will increase in the future (1) .
This study also shows that white men and women are at a comparatively higher risk of cancer in this analysis than ESRD. Colorectal and breast cancer also cause more loss of life than ESRD for white men and women, respectively. On the other hand the cumulative incidence of ESRD is greater than colorectal cancer for black men. ESRD also causes more loss of life than either colorectal or prostate cancer in black men and nearly as much loss of life as breast cancer in black women.
The incidence rates for both cancer and ESRD increase in the older persons but not always at the same rate. Diseases that develop early may have a greater impact on potential life lost than more prevalent diseases in the aged. To account for the impact of early events relative to late events, the effects of various discount rates were examined. Prostate cancer is a good example of a very common malignancy in white men with a relatively low impact on life years lost. Even without discounting, ESRD causes more life lost than prostate cancer for both black and white men. With discounting, this difference is accentuated, as quantified by the higher ratio of lost lifeyears for ESRD to those lost to prostate cancer. Simply put, ESRD occurs early and has a higher disease-specific mortality than prostate cancer. A small effect with discounting is also seen for colorectal cancer in black and white men (and breast cancer in white women), with an increase in the ratio of lost Figure 3 . Cumulative with ESRD with advancing age for black females, black males, white males, and white females. life for ESRD to lost life for cancer with higher discount rates. On the other hand this ratio decreases only slightly with higher discount rates for black women, and it is stable in white women. This lack of an effect on life loss with higher discount rates suggests that breast cancer and ESRD impact the life of women proportionately at similar time points.
ESRD therapy is expensive and is a replacement therapy rather than curative. This study shows that the cumulative ESRD costs in blacks (including the mix of dialysis and transplantation) are much greater than the direct treatment costs (initial, maintenance, and terminal care) of cancer. Depending on the discount rate, ESRD is about 5 times more expensive than breast cancer for black women, fourfold higher than for prostate cancer for black men and 10-to 20-fold higher than for colorectal cancer. Even large errors in cost estimates cannot account for these differences. The cumulative costs of colorectal and prostate cancer are also significantly less than those incurred due to ESRD for white men. Only the cumulative costs of breast cancer in white women are higher than (or equivalent to) the cumulative costs of ESRD.
Cancer screening programs for breast, prostate, and colon have traditionally had a high public profile, and special efforts have been made to increase screening in blacks. Not all diseases that have a significant impact on life are suitable for screening. Lung cancer is a prime example. Screening for renal disease is not presently recommended by the US Preventive Services Task Force (16) . The types of evidence required for such a recommendation are not available (17) . However, ESRD has a comparable or greater impact on loss of life in black people than the cancers studied in this report. This impact on life, together with high cumulative ESRD costs, suggest that concerted efforts at prevention may be warranted in this group.
A recently published analysis suggests that screening for diabetes mellitus (a significant cause of ESRD) could be very costeffective in young (Ͻ45 yr old) black Americans (18) , but this has not been tested clinically. Cost-effective models examining the effect of delaying diabetic complications rely heavily on preventing ESRD (19) . Renal disease is screened for in nondiabetic subjects detected to have hypertension, but not all patients with an elevated creatinine have hypertension (20) . It has been suggested renal impairment may predate overt hypertension and that hypertensive nephrosclerosis is over-diagnosed in black Americans (21) . Furthermore renal disease may cluster in families, especially black Americans (22) . In an attempt to model renal loss in the US population (Third National Health and Nutrition Examination Survey), we found that there are a small portion of young blacks in their forties (and probably younger) with mild renal impairment, who may be at great risk of progression (23) . From the above and because the cumulative risk of ESRD in blacks already exceeds the lifetime risk in whites by age 56, appropriately timed and more novel screening strategies should be studied in this population.
Screening alone is not, however, sufficient. A more recent report suggests that a large part of renal disease progression in diabetic blacks is related to socioeconomic status, suboptimal health-related behavior, and poor BP and glucose control rather than race per se (24) . Not only is research into cost-effective identification of individuals at risk therefore lacking, but there is the lack of information on the efficacy of aggressive therapy in early renal disease. This should soon be answered by the African American Study of Kidney Disease and Hypertension (25) . Even if this study is favorable, developing strategies to implement early treatment effectively into the general population will be critical to reduce the burden of illness due to ESRD. This analysis has several limitations. Its assumptions are a fixed age and demographic structure for the general population and stable ESRD and cancer incidence rates and mortality. The a One-way sensitivity analysis over the range of discount rates. Mean cumulative costs of ESRD/mean cumulative costs of cancer (mean ESRD costs/upper bound (mean ϩ 2 SE) cancer costs to mean ESRD/lower bound (mean Ϫ 2 SE) cancer costs).
ESRD incidence rates do not include those who are not referred for therapy, but could benefit or those who decline therapy. Each of these assumptions leads to bias in the direction of underestimation of cumulative risk of ESRD. If mortality rates for ESRD patients decrease over time, the impact of ESRD on life expectancy may be less than that predicted. This will not affect cumulative incidence rates and will increase cost projections, as each patient survives longer on renal replacement therapy. We have chosen this conservative approach rather than attempting to project future incidence and mortality rates in view of the difficulties associated with making accurate predications in this area for both ESRD and cancer.
This article is not intended to be a self-serving message to nephrologists that a new screening strategy is required for the prevention of ESRD over current preventive health recommendations. Nor is it intended to support a shift in research support from cancer to renal disease. Our recommendations are more measured. Given the higher cumulative risk, early onset of disease and large cumulative costs of ESRD, we suggest greater attention toward implementing existing treatment strategies and more research into novel screening strategies in the black population. Depending on the growth of ESRD and the feasibility, investigating new screening strategies in other populations may then be warranted.
